Development of on-orbit fluid gaging techniques by Mord, Allan
n 
H 
W 
Ll- 
0 
(3 t-z 
i H  w w  xa 
hW 
0 
2 
W > 
W 
n 
z a 
a 
.I 
.I 
d) 
241 
https://ntrs.nasa.gov/search.jsp?R=19880006554 2020-03-20T07:51:10+00:00Z
# n 
H 
3 A 
L L  
v) z a 
QL 
(3 
0 
QL 
a, 
(3 
Z 
H 
(3 
(3 
a 
tn x z 
U 
t- 
W 
v) a 
I e 
I 
0 
F 
z 
H 
+I 
0 
t- 
tn 
v) 
U 
=E 
n 
H 
H 
.I 
.. 
W 
> I -  
H H  
VQL 
t-m 
w o  
7 
a 2  
0 0  
z 
0 
H tn 
e 
W 
.J m 
U 
CY 
0 
t- 
v, 
r 
a 
I- 
CY 
W 
n 
Z 
U 
V 
H 
Z 
0 0  
o x  
>I- 
O L W  
v=E 
OLZ w o  
I H  
t - v )  
ov) 
W 
+ Q L  
U L  
=E 
w v  
w n  
n o  
I 
u w  
t- 
H D  
V 
* =  w 
Q J  z w  
o m  
V 
W 
# I  
242 
=E 
CY 
U 
0 
CY 
L 
(3 z 
H 
(3 
U 
a 
I 
0 
2 
a n 
0 
LL 
0 
ar 
w L L l l v  
= O o x  
CY 
0 
LL 
k 
a, 
W 
V z 
0 
V 
I- 
V 
W 
J 
W 
v) 
.. 
z 
0 
H 
k 
a, 
H 
V 
v) 
W 
P 
a 
P 
Z 
P 
Z 
3 
0 a 
c3 
I- 
0 
a, 
a, 
3 
v) 
a 
a 
V 
v) 
-7 
I 
v) 
U 
Z 
t- 
a 
a 
N 
0 
rr 
N 
I 
.. 
I- 
v) 
W 
U 
W 
I- z 
H 
LL 
0 
v) 
d 
H 
3 
J 
LL 
U 
W 
t- z w 
V 
I- 
I 
c3 
H 
J 
LL 
W 
V 
a, 
v) 
a 
n 
Z N  
0 0  
m z  
2 3  x=E 
0 
1)- 
I V  a z  
m a  a z  
Z "  
.. 
a 
W 
iY 
U 
3 
Qs: 
m 
W 
LL 
0 
I- 
m 
00 
0, 
I d 
00 
' - > .  
0 U 
w x 
.. 
W 
V 
Z 
=E 
.. 0 
W LL 
CY 
W 
3 
J 
4 e > 
LL 
t- 0 
V 
0 
0 a 
H 
(3L 
t- z 
a 
a 
a 
0 W 
V (1 
243 
I- a 
W 
V 
Z 
0 
V 
(3 
Z 
H 
(3 
(3 
a 
I 
0 
=E 
a n 
0 
LL 
rY 
0 
LL 
0 
>. 
I- 
H 
t- z 
3 
d 
a 
0 
t- 
Q 
W 
t- 
4 
J 
W 
E 
LL 
Z 
n H  
W 
O n  
0 0  
I H  
-J 
W L L  
> w  
z v  
H 
c 3 Q L  
Z I -  
H V  
Z J  
I - H  m o  
a 
o w  
a w  
QL 
0 
LL 
W 
I- a 
a, 
I 
0 
V 
0 - 
v)z w o  
O H  
ol- 
J O  w v  
m \  z 
N O  
H 
LLt- o a  
V 
m o  
W J  
H 
v w  
Z J  woo 
w m  
3 5  
CY 
244 
re m 
rl 
VI 
W > 
(3 
I- 
H z 
2 
t- 
v) 
W 
t- 
W 
t- 
H 
J 
I 
0 m 
LI) 
Z 
H 
(3 
Z 
H 
I- 
v) 
W 
t- 
> 
I- 
H 
-J 
H 
H 
v) 
U 
W 
LL 
a 
a 
m 
e 
). 
V 
U 
U 
2 
V 
V 
U 
Q 
J 
W 
H 
LL 
(3 
I 
rl 
z 
H 
x 
Z 
U 
I- 
Q 
W 
I- 
J 
H 
t- 
I 
W 
J 
3 
m m 
m 
I- z 
W 
PI w 
LL 
LL 
H 
0 
LL 
0 
t- 
V 
W 
LL 
LL 
W 
v) 
v) 
W 
v) 
v) 
0 
t- 
c3 z 
H 
t- 
v) 
W 
t- 
W 
J 
U 
V 
v) 
I 
2 
v) 
a 
m 
> 
3 
U 
W 
0 z 
3 
v) z 
0 
H 
t- 
QI 
3 
(3 
H 
LL z 
0 
V 
a 
a 
z 
H 
LL 
LL 
U 
PI 
U e 
I 
t- 
H 
3 
Z 
W 
C3 
0 > 
U 
V 
(3 
Z 
H 
I- 
-J 
2 
I 
H 
v) 
I 
a 
b 
a0 
0, 
ri 
I- 
v) 
3 
(3 
3 
E 
0 
L L  
0 
W 
-I 
3 
0 
W 
I 
V 
m 
Z 
0 
H 
I- 
V 
H 
CY 
U 
LL 
I- 
H z 
3 
I- 
Z 
W 
=E 
h 
0 
-J 
W > 
W 
0 
a 
a 
m 
.. 
v) 
t- 
V 
3 n 
0 
CY 
h 
Z 
W 
I 
tY 
C3 
0 
01 e 
0 
W 
t- 
V 
W 
h 
X 
W 
n 
a 
e e 
LD 
m 
ri 
I 
V 
X W  
J 
z v  
O H  
t- 
0 i Y  
U 
I- 
J H  
-J 
Z L L  
H > LL 
v v o  
z a  
m s  a u  
a e 
2 
V 
V 
U 
% 
r4 
(3 
Z 
H 
3 
0 
I 
v) 
v) 
t- 
J 
3 
v) 
W 
PI 
I- 
v) 
W 
t- 
I 
v) 
7 
l- 
U 
W 
v) 
3 
QI 
0 
LL 
I- 
H 
Z 
3 
t- z 
W 
I e 
0 
-I 
W > 
W 
n 
. I  
z 
(3 
H 
v) 
W 
0 
z 
H 
c3 
W 
0 
t- 
> 
c) 
W 
CY 
t- 
(z 
W 
V z 
0 
V 
I 
m 
a 
245 
n 
H 
3 
n 
a z W (3 W z H J a QL 
0 
(3 
J H I- z 
W 
V 
N 
U 
QL 
>- 
I 
n 
c3 z 
H 
OL 
3 
v) 
H 
3 m . 
I- 
I 
(3 
H 
J 
LL 
W 
V 
e 
v) 
z 
O n  
v)J 
Z J  
I O  
a 
00 
00 
0, 
l-i 
J 
H 
QL e 
0 
I- 
a 
00 
0, 
r-i 
J 
a 
H 
a 
W 
0 u s  
0 
IL 
I- 
o, 
W 
V 
0 
OL .. 0 
I" 
c3 
Z 
0 
n 
I- 
I- 
v) 
W 
V 
a 
v, 
a 
a 
I- - 
L a z H a 
0 
a 
W a 
a 
m 
a 
m 
- 
04 
Z 
H 
d 
+I 0 
CY 
L 
z 
0 - * 
0 z 
z 
0 oa: 
- l x  
I 
W 
Z 
H 
W 
(3 
a 
I- 
v) 
W 
I- 
4 2  
a x  
v ) w  
z- 
OL e a 
z 
0 
H 
.. 
W 
V z .. 
I- 
v) 
W a: 
W 
I- 
Z 
H 
.. 
W 
3 
J 
> 
I- 
V 
I- z 
0 
V 
a 
a a 
IL 
CL .. 
z 
0 
H 
I- 
L 
H 
CY 
V 
v, 
W 
(3 
z 
0 LL 
0 
LL 
0 
.. 
V OL 
W 
=E 
0 
H 
3 
J 
LL 
I- 
v) 
3 
V 
H 
W 
Q- 
a 
246 
x z 
I- 
LL 
0 
a 
I- 
V 
Z 
0 
V 
W z 
H 
W 
(3 
a 
Y 
2 
I- 
a 
2 
0 
V 
0 
I- 
3 
0 
m a 
W 
W 
I 
3 
-I 
0 
W 
=E 
> 
a 3 
0 -I e 0 a > 
E 
> 
LL 0 
0 L a z > 
0 
H v) 
v) W 
v) > 
W a 
n 
c.9 a. r W 
0 v) ~ 
V H a 
V 
H W 
0 0  e < >  e 
0 0 
> 
V 
\ 
V 
II 
?- 
n 
W a 
W - 
Q 
\ 
a 
e 
> 
?- 
I 
II 
v 
a 
I 
0 
P 
Q 
>’ 
247 
v) 
v) 
W 
.I 
0 
I- 
m 
a 
4 w z 
n a 
W 
z 
(3 
H 
w 
W 
D 
w 
-J 
V 
H 
I- a 
4 
I- 
S 
(3 
H 
J 
LL 
z 
H 
(3 
W 
0 
I- 
> 
D 
w 
CY 
c 
m 
a 
> a 
0 
W 
I 
I- 
PL 
0 
I- u 
3 
c3 
z 
H 
v) 
3 v 
lL 
P 
W 
J 
3 
Q 
W 
I 
V 
v) 
n 
a 
ILJ 
I- I I- 
W 
3 
I- z 
W 
I 
W 
W a 
c3 a 
a, 
U 
V 
H 
W 
J 
W 
H 
l- 
v) 
I- 
v) 
W 
I- 
t- z hr 
4 a 
n z W 
(3 
Z 
a 
3 
I- u a 
W 
c3 
0 H 
3 
0 
I 
v) 
cn 
3 
t- 
U 
a 
I- 
W H z a 
I 
W 
W 
=E 
4 a 
(3 
0 a e 
P 
W 
I- 
V 
W 
I 
v) 
v) 
I- 
J 
3 
v) 
W a 
I- 
v) 
W 
I- 
I- 
v) 
W 
I- 
0 a u 
0 
Q 
4 
W 
m 
m 
n 
H 
3 CI 
J 
H 
W 
v) 
I- 
v) 
W 
I- 
I- 
I 
ZE 
0 
I- 
-
0 oz z W 1 u 
V 
v u 
7 
V 
H z 
W 
c3 
0 
a o  
W H  
I - +  
H W  
J J  
0 
01 J 1 2  a. o x  
rco 
h Q, 
X 
W I I  I 
a a  z x  
w l -  cvv V 
Q) 
I 
.c c < 
N 
> 
d 
d 
248 
SPEAKER: ALLAN J. MORD/BALL AEROSPACE SYSTEMS DIVISION 
John R. Schuster/General Dynamics Space Systems: 
How much energy does it take to run the RF system? That is, how much might 
get deposited in the fluid in the tank? That’s one question. The other question 
is, what is the frequency of the cyclic compression system and how many cycles 
do you need to let it run before you feel you have an accurate measurement? 
Mord 
I don’t know the answer to the first question. On the scale of interest, we are 
talking about putting watts into a tank, so I presume that it’s negligible. On 
the compression method, we’ll probably be running about 1 Hertz, and something 
on the order of about 100 cycles is what we need to get a good measurement. 
John M. Cramer/Marshall Space Flight Center: 
What test fluid are you going to be able to use on the KC-135 for the RF 
gauge? 
Mord 
I can’t speak to that. I am not working that program directly. 
Franklin T. Dodge/Southwest Research Institute: 
In the piston method, I guess you depend upon being able to communicate your 
pressure to all the vapor in the tank. Is there some way that the vapor might 
be hiding, say behind screens and things, and you wouldn’t be able to 
communicate the pressure? 
Mord 
It depends on how fast you do it. That effect goes as frequency-squared and 
that is something we are looking at analytically. We believe we are operating at 
a low enough frequency that the pressure nonuniformities are very small. That 
could be a very serious problem especially if we try to operate at frequencies 
higher than 1 Hertz. 
Edwin C. Cady/McDonnell Douglas Astronautics: 
Will the compression method work with the compressor under water, or do you 
have to have it in the vapor? 
Mord 
One of our design requirements is that we can’t depend on keeping either the 
compressor or the gauge unit dry. It may be advantageous to us to keep the 
gauge units wet all the time, but, no, we cannot allow ourselves that restriction. 
Don T. Perkinson/Marshall Space Flight Ceu ter: 
How rapidly can you update the information from the RF unit? 
249 
Mord: 
That I don’t know. I would expect it to be potentially much faster than on the 
compression unit, because you are operating at a very high frequency and you 
can make your detector very sensitive. I would expect you could get signal to 
noise discrimination very rapidly. I suspect that you would be limited only by 
the processing time for the algorithms to take the data and apply this two- 
frequency correction. It could be updated in seconds, less than a second, I don’t 
know; how fast do you need it? I think you can get it as fast as you need it. 
John P. Gille/MartIn Marietta Denver Aerospace: 
What was the fluid you used on the compression method where you got 1 percent 
accuracy? 
Mord 
We used water. 
Gille: 
Have you tried this technique with something with a high vapor pressure? 
Mord: 
For purposes of the compression method, the world separates into two classes: a 
liquid pressurized with something other than itself and things in equilibrium with 
their own vapor where you are concerned about evaporation and condensation. 
We are going to do nitrogen testing next. 
Gille: 
My question then is, don’t you feel that there would be a significant effect of 
what the interfacial area was for that case? 
Mord 
No, we’ve already done quite a bit of analysis of the thermodynamics and our 
initial concern was that evaporation and condensation would just kill it. The 
answer is no if we do it fast enough, and fast enough turns out to be 1 Hertz. 
Chip Meserole/BoeSng Aerospace: 
With the RF gauge, you mentioned the sensitivity to the tank configuration. Do 
you have to use a RF mode that equally distributes energy throughout the tank 
to get that accuracy? 
Mord 
We’d like to, but I don’t think there is one mode that distributes the energy 
equally throughout the tank. That whole question of how you get an adequately 
uniform sampling of the whole contents of the tank with these RF modes that 
have very complicated shapes and an electric field which goes to zero at all the 
metallic boundaries; that is a real theoretical quagmire. 
2 50 
Walter Swift/Creare, Inc.: 
Did you run the life tests on the bellows at cryogenic temperatures? 
Mord 
No, the one that we have is made from a steel that we would not expect to 
handle cryogenic temperatures. We are going to be building a second unit that 
is the right kind of steel with the right kind of design. 
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